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Introduction
by
D.B. Hoover and D.B. Smith

As part of our research into new methods for the assessment of mineral
deposits, the U.S. Geological Survey has recently begun investigation of the
CHIM method. As part of our studies, translation of a Russian manual on the
CHIM methodology and eight articles from the Russian literature were
transl:ted to provide background for our own research. The translations were
done by Earth Science Translation Services of Albuquerque, New Mexico, and are
presented as received, without editing on our part. Below is a bibliography
of the translated articles.

For approximately the past 20 years Russian geoscientists have been
applying an electrogeochemical sampling technique given the Russian acronym
CHIM derived from Chastichnoe Izvlechennye Metallov which translates as

partial extraction of metals" In this technique a direct current is
introduced into the earth through collector electrodes similar to "porous
pots" used in electrical geophysical applications. The solution in the
cathode is dilute nitric acid, and current is passed through the cathode for
times ranging from 6 hours to 48 hours or more. Electrical connections to the
nitric acid are made through an inner conductor that is typically
spectroscopically pure graphite. At the cathode, mobile cations collect on
the graphite or in the nitric acid solution, both of which serve as the
geochemical sampling media. These media are then analyzed by appropriate
methods for the ions of interest. In most applications of the CHIM method
only mobile cations are sampled, although Russian literature does refer to
collection of anions as well. More recently the CHIM method has been applied
by the Peoples Republic of China and the Indian Geological Survey.

The literature indicates that the method has advantages over other
geochemical sampling techniques by providing increased sensitivity to the
metals being searched for, especially where deposits are covered by
substantial overburden. In some cases success has been claimed with
overburden in excess of 500 meters. The technique appears to have been
applied principally to exploration for base-~ and precious-metal deposits, but
does not appear to be limited to these. References are made in the literature
to its application in the search for nickel, cobalt, molybdenum, uranium, tin,
REE, tungsten, berylium, and oil and gas.
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The present manual describes the methodology of field
observations using the method of partial extraction of metals
(CHIM) . In the report, we briefly cover the physico-chemical
basis for the new method, and the principlies involved in field
operations, the equipment used, and the techniques associated
with the analysis of the extracted mass of metals. Special
attention is given to the safety of operations and to the design,
documentation, and reporting associated with 1nvestigations
performed.

The method 1is feasible for explorations of deep-seated
polymetaliliic, copper, nickel, gold, and other deposits covered by
sediments 1¢@ m thick or more (the aureoile method), and for
exploration of deposits in order to identify ore 1intervals {n
boreholes either drilled without core sampling or with low core
recovery (l1ogging method).

18 Figures, 2 Tables.
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INTRODUCTION

In contemporary environment, covered deep-seated ore
deposits have become the primary source of reserve growth in the
supply of natural resources. The complexity of the problems
associated with deep exploration has increased over
time. Expenditures of time and money 1in the discovery and
develcpment of each new target have also increased. This
necessitated the development of methods capable of detecting ore
deposits at appreciabie depths under thick Mesozoic-Cenozoic
deposits cover., The geocelectrochemical method of partial extrac-
tion of metals, CHIM, 1is one of a number of such methods which
have been proposed 1n recent years. This method allows the
detection of ore targets under 10¢ m or more of unconsolidated
overburden and simultaneously permits the evaluation of the ore
grade and of the extent of the ore 2zones. The CHIM method can
also be used to determine the nature of geophysical anomalies or,
as is often said, to "sort them into ore- and non-ore-related
anomalies."

The CHIM method proved useful for 1logging the walls of
drillholes in order to identify ore intervals when the yield of
core was 1low or when no core was available from the drilling.
In contrast to many logging methods, the logging version of CHIM
allows one to directly record higher grades of lead, copper,
nickel, and other ore elements downhole. The method also works
well under the following conditions: 1) under various cavernous
conditions with respect to borehole wall; 2) when various
anti-vibrational lubricants are used; 3) where the ore is hosted
by graphitized and pyritized (pyrrhonitized) rocks; and 4) where
ores of different compositions and textures are represented by
both electroconductive and non-electroconductive minerals.

The CHIM-19 station was designed for applications of the
CHIM method 1in the field. This station 1s serially produced by
the Tuimaza Factory for Manufacture of Geophysical Instrumen-
tation and Equipment. For rapid analysis of the extracted
elements, the field polarograph FPL-I was designed. The
polarograph is manufactured by the Experimental facility at VITR
and can be set up as a part of a CHIM-19¢ station.
Impliementation of the method and of the CHIM station is underway
in several regions of our country.

In this manual, we have for the first time systematized
the information concerning the methodology of the field opera-
tions, the equipment, the planning and organization of the
exploration survey using the new CHIM method, and the
documentation and reporting associated with the operations.



I. PHYSICO-CHEMICAL BASIS; PURPOSE AND AREAS OF APPLICATION

I. I. The method of partial extraction of metals 1s based
on the dissolution of minerals under the influence of an electri-
cal current, subsequent transport (migration) of dissolved,
charged components in the field of the current, and the
accumulation of extracted elements at the points where the
external power sources connect to the rocks, and also in certain
other areas of the hosting environment.

The electrochemical solution of minerals with metaillic
atomic 1l1inkage occurs as a result of the electrode reactions
which take place at the boundary between the solid and liquid
phases when a current 1is passed through the minerals. A typical
reaction of an anodic solution of sulfides (MeS) 1is the process:

MeS = Me?t* + SP + 2e (a)

The created metallic ions and also the sulfur 1n the reaction
zone canh be oxidized to sti11 higher valences, forming Me?* {ions,
polythionates, and sulfate 1ions. The combined anode reactions
can be described by the equation:

MeS + 4H20—>Me?3* + S02-4 + BH*' + Qe (b)

In the cathode process, metals are reduced to the eitementary
state, while sulfur goes into solution 1in the form of the
sulfide 1ion

MeS + 2e —» Me? + S2- (c)

When the electric current ceases, the metals are converted
in the presence of oxygen to oxides and hydroxides and the sulfur
is converted to polythionate and $042-.

Dissolution of minerals with covalent and 1onic atomic
bonding 18 still poorly understood. One of the dissolution mecha-
nisms 1s a shift 1tn equilibrium between the sol11id and liquid
phases which occur when 1ons forming eastly dissolved compounds
with components of the solid phase, are introduced 1{into the pore
space by the electric current. Ions of sodium, chlorine, and
several other elements usually facilitate the dissolution of
carbonates and silicates. Quite the contrary, the introduction
of 1iron ions and COa2- often results 1in the formation of new
sol1d compounds which f111 the porous space and lead to shrinking
and closing of the pores.

The ions and colloids created as a result of the electro-
chemical solution of the minrals move 1n the field of the



electrical current in the direction of the current or against it,
according to their charge: positively charged components move
toward the negative terminal of the external current source,
while negatively charged components move toward the positive
terminal. The speed of movement of the charged particles is
proportional to their mobilities and the field potential. The
speed also depends upon the properties of the medium: porosity,
moisture, the structure of the porous space, etc.

Additional phenomena arise in porous rocks as a result of
electrokinetic, thermal, and other processes associated with the
passage of current. In certain situations, these phenomena cause
a slow-down of the movement of 1{ons, while in other situations
they cause an acceleration of such movement. As a result of the
influences of all of the factors mentioned, the total mobility of
the ions in rocks can vary over a wide range (from parts of
cm2 per hour to tens of cm?2 per hour),.

As a consequence of the interaction of components migrating
into the field of current with ¢the solid phase, and as a
¢ onsequenceof the interaction of one component with another and
also because of the effects of electrokinetic and other factors,
the transport of components within the overall flow takes place
at distinct rates which vary over ¢time, which vary along the
section of the flow, and which vary with respect to the direc-
tion of movement. A change in the mobility rate of an individual
component will be accompanied by corresponding changes in the
movements of other components. The differential mobility of each
type of 1on at different times and at different locations
within the space varies over a wider range than does the total
mobility associated with the ions. The possibility of selectively
influencing (controlliing) ion movements in large rock masses has
been inadequately studied thus far.

Accumutlation of the emerging components takes place at sites
of active interaction of mobile ions with the surrounding medium,
and also 1n areas of decreased electric-field potential. They
accumulate most intensively at points of contact between the
the external electric source and the rocks. Electrode reactions
proceed on surfaces of the metal electrodes through which the
current was introduced into the ground. The electrode reactions
can differ depending upon the composition of the electrode, the

surrounding medium, and the 1incoming components. The arriving
components participate 1in reactions and accumulate in the form of
reaction products. If arriving ions do not participate in the

electrode process, then the substances tnitially accumulate 1in
the same form in which they arrived. Then, as their concentra-
tions increase, they can begin to interact with other products of
the electrode reactions and also with the surrounding environ-
ment, themselves transforming in the process 1nto new compounds.

The substances formed in the electrode zone can vary. A portion
of them play a part “4n subsequent enrichment with arriving
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components. The enrichment is keeping with the electrode process
and with the reactions invoived in the 1interaction of the
arriving substances and those being again transformed. However,
cases are possible where the products of the electrode reactions
are 1ions transported i1n the field of the current toward the
arriving substances. If the 1ons mentioned form poorly soluble
compounds with the components being introduced, the latter
accumulate at various distances from the electrode. The further
away the accumulations are from the electrode, the greater the
distance the ions, created during ¢the electrode process, have
been transported. Among the ions mentioned, the hydroxyl 1ons
formed as a result of the cathode reaction splitting the water
molecule is of special significance:

2H20 + 2e—p H2 + 20H—-

The hydroxyl 1ons block the arrival of positive metallic
ions, which then accumulate some distance from the electrode.
Special reactions could eliminate the emerging OH- and thus
facilitate the accumulation of metals right beside the elect-
rode. The electrode should be appropriately equipped to ensure
regulation of the elements associated with accumulation processes
near the electrode. Such operationally equipped electrodes are
designed for the CHIM method and referred to as element-receivers
(ERs).

r

Fig. 1. Schematic gecelectrochemical hodographs for homogeneous
barren rocks (a) and rocks with mineralization (b).

Inferences can be made concerning the process of element
accumulation on the basis of a geoelectrochemical hodograph (Fig.
1) characterizing the dependence of the mass (m ) of the accumu-
lating element upon time (t ). For homogeneous environments and
electrical fields of differing structure, the hodograph for each
component takes the form of a straight 1ine. When conditions
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involiving depletion of that component are approached in the
treated volume of rock, the arrival of 1ons ¢to the 2one of
accumulation ceases. At this point 1in time, the hodograph
flattens out and changes to a straight 1ine parallel to the time
axis (the abscissa). The increase 1n mass per unit time dm/dt
reflects the rate of accumulation of the corresponding element.

The higher the rate of this accumulation, the higher the
concentration (C) of this element in the volume being treated:
I

dm/dt = pC (I) or C = P dm/ dt (2), where P = ---
P

The functions P and p depend upon many factors: the forms of
occurrence of the elements in the volume being studied, their
quantitative ratios with respect to one another, conditions of
electrochemical dissolution, the character of the jons movement
in the field of electrical current, the specific features of the
reactions at the sites of accumulation, etc. Nevertheless, the
values of P and p remain constant over a fairly wide range of
conditions. As a consequence, the parameter dm/dt can serve as
an index for the magnitude of C if P 1s determined experimentally
or in some other fashion. The differentials dm/dt for different
units of homogeneous rock refliect changes of C within rock units
and allow one to evaluate the distribution of C 1in comparable
rocks without a preliminary calculation of P.

For the host rocks, where the ore mineralization with higher
C values then Co values is present, an additional branch appears
on the hodograph (Fig. Ib) with dm/dt > (dm/dt)e. The second
branch forms when t = To; the further the orebody 1s from the
site of accumulation, the higher the t is. The appearance of a
second branch on the hodograph is related to the emergence of
fons from the target in gquantities which add to the quantity of
extracted elements from the adjacent to the site of accumulation
rock. Knowing the speed of the 1ons movement, .one can estimate
the distance from the site of accumulation to the ore target on
the basis of the value for To.

I1.2. The following is the essence of the method of partial
extraction of metals.

A prolonged electrical current 1s passed from an external
source through two or more electrodes some of which are equipped
as element-receivers (ERs) and positioned on the surface, in
boreholes, or in trenches. The quantity of chemical elements
accumulating under the influence of the current is determined
periodically, and geoelectrochemical hodographs are drawn
according to the results of the analysis for each element and
each ER. Inferences about the compositions of targets located in
the areas of study are made on the basis of the composition of
extracted elements. The rates of accumulation dm/dt serve as
indices to the composition of elements in the host rocks and
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in the ores. The variation 1n dm/dt for different sites of
element-receiver placement (the structure of the dm/dt field)
reflects the positions of the orebodies in three-dimensional
space. The arrival times of the masses of elements from distant
targets (To) characterizes the depth of the target deposition or
the distances to the corresponding element-receivers.

I.3. At the present time, three versions of the CHIM method
are distinguished: primary, aureole, and logging. The primary
version 1is in the developmental stage. The aureole and logging
versions of the CHIM method are discussed below.

. Aureole Version of the CHIM Method. 1In this version, we use
the first branch of the hodograph, the one which reflects the
extraction of elements from the aureoles of ore deposits.
This process occurs in such a way that water-soluble ions are
extracted first, then weakly bonded sorbed, then humic-fulvate;
further along, poorly soluble carbonates, silicates, and
strongly bonded forms of the elements are finally extracted.
The portion of water-soluble and other mobile forms relative to
the total content of an element is small, several percent or
less. Precisely because the trace elements are transported 1in
mobile 1onic forms during processes of natural migration, they
serve as principal carriers of i{information about deep-seated
mineralizations. When measuring the bulk aureole content of
elements (during the soil survey, for example), the information
turns out to be within the 1imits of observational error. This
does not allow for discovery of deep-lying targets. On the
other hand, when selectively recording water-soluble, mobile
forms of element occurrence using the CHIM method, 1t does become
possible to detect ores at appreciable depths.

The usual equipment for the aureole version of CHIM is the
following: a system of circular auxillary grounding electrodes of
.5-1 m diameter with a central primary electrode (ER) which is
positioned within the auxillary c¢ircular grounding electrode
(Fig. 2a) or a ER system with a single auxillary grounding
electrode (fig. 2b).

a

=3
Fig. 2. Diagrams of f1ield apparatus for
b rﬁ the CHIM method: a) "aureole" circular;
b) “aureole* with common auxillary
ground; c¢) logging (1) general scheme,
(P) braid; 1) power source, 2) ER,
3) auxillary electrodes, 4) borehole,
- 5) projection of ore 2zones to the
surface, 6) orebody.
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The extraction of elements proceeds over a certain period of
time. In this process, the extracted masses of the elements will
be proportional to their contents in the aureole at different
points in space. The distributions of extracted masses along
profile 11ines or over areas directly 1ndicate the positions of
objects enriched with the corresponding elements. Since the
extracted masses characterize the content of elements within an
aureole but not within the deep targets themselves, higher
quantities of extracted elements sti111l do not allow us to
determine the presence of commercial mineralization 1n the area.
This probiem will have to be solved by direct physical
explioration, and, in the future, by the primary version of the
CHIM method.

The Logging Version of the CHIM Method. The small distance
between the ER and the borehole wall results in the first branch
of the geoelectrochemical hodograph reflecting the extraction of
elements from the dril111ing mud solution; this branch has a small
duration along the time axis. With regard to this situation, one
can adjust the electric current and the extraction period so that
the quantities of elements arriving at the ER correspond, with a
small degree of error, to the quantities of these elements
extracted from the rocks and ores downhole. These quantities of
elements are proportional to the grade of the metals in the ores
and rocks. Thus, the extracted masses of elements at different
element-receivers placed along borehole walls directly reflect
the distribution of grades and allow one to 1{dentify ore
intervals along axis of the borehole, and to determine the
contents of metals in the ores.

The station set-up for logging observations 1s shown
in Fig. 2b The auxillary grounding (iron studs, pipes, etc)
are arranged on the surface near the borehole.

I. 4. The CHIM method 1s designed for:

In the aureole version:

- detection of covered deep-seated orebodies, 1ncluding
targets under a cover of unconsolidated sediments 100-m thick or
more;

- exploration on a deposit’s margin and tracing of plunging
flanks of deposits;

- sorting and verification of geophysical anomalies and
defining of the 11thology of detected targets.

In the logging version:

- 1identification and evaluation of ore intervails in the

driliholes;
- detection of ore “in the vicinity of the borehole.

7
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I. 5. Orebodies of any composition and texture can be
explored using the CHIM method. At the present time, positive
resuits have been obtained during expliorations for polymetallic,
lead-2inc, copper, and copper-nickel deposits. Experience in
exploration for gold, tin, and urantium deposits has been
Timited. The use of the CHIM method for exploration of other
types of ore deposits requires trial runs and the development of
favorable regimes for electrochemical extraction of the
appropriate elements. Appropriate methodologies of analysis of
sampies from ERs for elements of interest is also needed.

I. 6. The CHIM method 1in the aureole version can be
effectively wused during the prospect evalution stage of
explioration for deep-seated deposits, including *blind* deposits
and deposits covered by unconsolidated sediments of appreciable
thickness (100 m or more). The CHIM method results allow one to
characterize the metal content of the mineralization and to
determine the metal zoning pattern in plan view, including the
positions of the upper part (*top®*) of the mineralization.

Taking into account not only the possibilities associated
with the aureole version of the CHIM method but also those
associated with other g¢geophysical, geochemical, and geological
methods, one can say that using the CHIM version 1s advisable
during the geological mapping of the mining districts on a scale
of 1:10,00¢ or more detailed (usually 1:5,000 - 1:2,000) for:

a) independent detection of deep-seated ores;

b) confirmation of geochemical anomalies defined by the soil
surveys and by the method based on modes of elements occurrence
(MPF);

c) sorting and verification of geophysical anomalies found
by IP, resistivity, and other techniques.

For newly explored territories covered by unconsolidated
deposits of appreciable thickness, further exploration of zones
discovered by the CHIM method at scales of 1:10,000-1:50,000
will become common practice. This would allow one to confirm the
presence of a mineralization, determine locations of the upper
portions of the mineralization, and specify more accurately the
strike and dip of the ore 2ones and also the sites of the
greatest ore enrichment. It 1s advisable to drill structural and
stratigraphic holes and then deep boreholes at sites determined
by CHIM, 1n order to directly intercept the ore mineralization.
The combined use of the CHIM, MPF, and shallow drilling allows
one to reduce the amount of heavy explioration work by 49-5¢% 1in
comparison with exploration of covered areas conducted without
the methods named. This method allows one to increase the
productivity and lower the expenditures for the area evaluation

8
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by a factor of 1.5-2.

I. 7. The CHIM method in the logging version 1s useful for
exploration and surveys. The CHIM results tn the logging version
for 1identififying ore 1intervals and characterizing their metal
content allow one to lower the requirements for core recovery
when drilling holes in areas with fairly well known lithologic
section, and, in many cases, to switch to coreless drilling.
Boreholes drilled with a 1ow core recovery or without core
can be studied using the standard 1logging methods 1n order to
divide up the section and to 1identify ore 2zones and intervals
differing in physical properties. The CHIM surveys are conducted
either down the entire borehole or within prospective 2zones
identified by standard logging, to determine the 1ithology of
host rock and content of metals. Study of the entire borehole s
necessary if one anticipates the presence of ores indistingud-
shable from the host rock with respect to physical properties.
However, 1t 1s more advisable to conduct random sampling of a
borehole, since this speeds up the process of studying the
borehole and the survey in general.

In the case of an absence of ore intervals or when they are
represented by non-commercial! mineralization, the boreholes can
be declared barren on the basis the CHIM results. Ore intervals
established according to CHIM data are usually traversed by a
second borehole of 1imited length (usually a few tens of meters)
with complete core recovery for verification and laboratory
assaying of ore components. Shortening drtilling time as a
result of lowering the requirements for core recovery or
proceeding with coreless drilling leads to an 1increase 1in
productivity and a lowering of the cost of direct physical
exptoration by 12-15%.
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2. EQUIPMENT FOR THE CHIM-19 STATION

2. 1. Purpose and Design

2. I. I. The purpose of the CHIM-1¢§ equipment 18 to fnduce
and to record electrochemical processes by extracting chemical
elements from rocks and ores 1in order to discover covered
deep-seated ore deposits from the surface or by drilling at the
same ¢time gathering information regarding the composition and
location of the mineralization.

2. 1. 2. 1Included in the CHIM-1§ station are: a diesel-
electric alternating current assembly, the station control panel
(including a converter of alternating current to direct, and a
group of measuring-regulating units), a chemical laboratory with
appropriate equipment for conducting chemical analyses, and
stationary and auxillary instrumentation, tools and supplies
(element-receivers, cables, leads, reels, etc).

2. I. 3. The diesel-electric alternating-current assembly
ESD-19-VS/23¢PM is mounted on a TAPZ-755 single-axle trailer.
The rest of the instrumentation and equipment is housed 1in a
CGK-7L truckbed of a ZIL-131 truck. The truckbed was divided
into two parts by a solid partition. The chemical laboratory is
set up in the front portion and the equipment unit 1s set up in
the rear portion. The compartments for the chemical laboratory
and for the equipment unit have their own entrance doors.

2. I. 4. In the equipment unit, we set up a control panel
on a carcass stand. Rectifiers are positioned on both sides of
the control panel; control units assemblied on printing plates
are arranged above the rectifiers. Measuring-regulatory units
connected with the rest of the station set-up by means of pin
connections are placed 1in the middle part of the console. A
TS-19 power transformer is installed in the lower-middle part of
the console. Control wunits and indicator 1ights are located on
the face panels of different units complete with labels.

A work table and a bench with drawers for stationary and
auxillary instrumentation are installed along the walls of the
equipment unit compartment.

A light panel is fixed to the 1left upper portion of the
front wall of the equipment unit; on the panel, there 1s a
voltmeter for monitoring the voltage of the system, switches,
229-V and 12-V outlets, and cut-off fuses. Work tools (axe, saw,
shovel, etc) are hung on the door in the back of the truck bed.

2. I. 5. The following are 1installed 1n the chemical

laboratory: an exhaust cabinet with an electric heater, a work
table with drawers, a ®pedestal with a sink for pouring out
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solutions, and a bench. The fume cabinet 1s connected to an
exhaust apparatus installed on the outside, over the "cabin of
the truck. An exhaust apparatus switches on a type TS4-70
centrifugal ventilator with an AOL12-I4 electric motor. The
capacity of the exhaust apparatus is 6¢@ m3® of air per hour.

The electric heater, 1intended for evaporating solutions,
consists of three PE 800/3-5 electric hot plates. The electric
heater, the exhaust apparatus, and the 1ights are connected up
with the system via switches on a switchboard attached to the
upper part of the wall above the work table.

Equipment for chemical analysis of the samples (a FPL-I
polarograph, a PEC-56 photoelectric colorimeter, and chemical
glassware) are arranged in the drawers under the bench, the lower
portion of the fume cabinet, and 1n the desk drawers.

2.1.6. The input panel 1is 1located in a hatch on the left
wall of the truck bed. There are pintles on the panel:
connectors for Jjoining up with the electrode-grounds, a pin
connector for connecting into the diesel-electric assembly, and
also a terminal to join up with the protective grounding of the
station. During operation and transport of the station, the
hatch to the input panel 1s covered with a 1id; a blocking device
which turns off energy transmission from the diesel assembly 1f
the 11id to the hatch is not closed is simultaneously turned on.

2.1.7. A structural diagram of the CHIM-1Q station is shown
in Fig. 3; a functional electrical diagram is shown in Fig. 4.
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Fig. 3. Structural diagram of the CHIM-1@ station:
{)diesel-electric assembly, 2 and 3) converters of AC voltage to
direct; 4) chemical tlaboratory; 5) measuring-regulatory units;

6) auxillary equipment; 7) stationary equipment.
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Fig. 4. Functional electrical diagram of the CHIM-1¢§ station:
1) diesel-electric assembly, 2) precautionary disconnecting
contactor, 3) 1nput panel, 4) switches, 5) rectifier control
unit, 6) switches, 7) rectifiers, 8) power switches, 9) FPL-1
field polarograph, 19) electric hot-plate, 11) PEC-58M
photoelectric colorimeter, 12) distribution panel, 13) electric
motor for exhaust apparatus, 14) element-receivers, 15)
auxillary grounding electrode, 18) power transformer, 17)
distribution pliate, 18) unit of ballast resistors, 19) unit of

shunts.
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From the diesel-electric assembly (I) (Fig. 4), a three-phase
variable voltage arrives at input panel (3) through the
precautionary disconnecting contactor (2) and, further along,
arrives through a power transformer to ac-dc converters (A and B)
consisting of control unit (5) and rectifiers (7). DC voltage
which could be set with the aid of the control wunits to any
magnitude from @ to 500 V (for each converter independentiy),
arrives from the outputs of the converters at distributing
board (17) of the control console. The dc voltage at board (17)
1s transmitted over four channels to shunt unit 19, where each
channel branches into seven circuits switching shunts for
measuring of the current flow through the corresponding circuit.
Each circuit passes through unit 18 consisting of ballast
resistances making it possible to regulate the current 1in the
circuit. From this wunit, the voltage arrives through the input
panel to the system of surface or borehole electrodes.

2.2. The Power Generator

2.2.1I. The power source for the CHIM-1¢ station 1s the
generator of the ESD-1¢-VS/230 alternating-current diesel-
electric assembly; it has a power of 19 kw and produces a three-
phase current with a voltage of 230 V and a frequency of 50 Hz.
A transformer and a contactor with an auxillary rectifier
designed for precautionary disconnection of the power grid when
the blocking switch on the output board and 1in the control
console is activated, 1is set up within the protective casing of
the assembly.

2.2.2. A type TZ-10 power transformer was used to increase
the voltage arriving from the electrostation to the converters A
and B. The latter convert ac voltage to dc voltage, which can be
regulated by potentiometers that are 1located on the control
panels.

The power component of the rectifiers 18 based on a

Larionov bridge circuit (Fig. B5). The control valves in it
(diodes-thyristors of TL-2-100 type) are used only in the Da-Ds
cathode group. The anode group is assembled on uncontrolled

Di1-Ds valves (type VL-100 diodes). Commutation of current in the
cathode group (Ds-Ds) occurs at the moment of transmission of
controlling pulses to the appropriate units. Commutation of
current in the anode group (Di1-D3) occurs at the moment when the
valves are spontaneously opened.

A special feature of the scheme under consideration 1s the
use of a zero diode Do designed to prevent the overvoltage on
diodes D:-De under the inductive load.

In order to regulate the current in the supply circuits, we
made use of a property of thyristors; they conduct current after
transmission of a current pulse to a control electrode when
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there 18 a positive potential at the anode of the thyristor. The
thyristor does not conduct current 1f a voltage with negative
polarity is applied to 1ts anode. The thyristor restores 1ts
non-conductive properties only after the cessation of current
flow through {t. In accordance with this, the current in the
load of a three-phase bridge flows only at those moments when the
corresponding thyristor of the bridge is open.
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Fig. 5. Larionov circuit for rectification of alternating

current.

2.2.3. The time-pulse method of controlliing current in
the load consists in the fact that a positive puise is provided
to the control electrode of the thyristor at the moment ta2 (Fig.
6), as a result of which the thyristor becomes conductive and
the current in the load flows.

Ua
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Fig. 6. Illustration of principlie of control by output voltages
from rectifiers.

By changing the time moment t: between t: and ts, 1. e., by
changing the regulation angle L = wt2 - wty from 2zero to 189
electrical degrees, one can regulate the flow in the 1oad from
I =1In to I = @. Attention should be given to the fact that a
smaller control angle corresponds to a larger current in the
load.
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A functional diagram of a control system using thyristors is
presented in Fig. 7. Control pulses are formed according to the
vertical control principie. 1In order to impiement the latter, a
reference saw-toothed voltage is created and compared with the
control voltage; the comparison scheme generates a
small-amplitude pulse amplified by a dual-cascade amplifier at
the moment ¢the voltages being compared are matched. The pulse
is then differentiated and arrives at an amplifier designed to
form a control pulse with the given parameters. The formed pulse
then gets to a power amplifier and passes through a protective
network to the control electrode of the thyristor.
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Fig. 7. Functional diagram of formation of control impulses:

1) stabili1zed rectifier; 2) saw-tooth voltage generator; 3) phase
shift control unit; 4) comparison scheme (curcuit); 5) voltage
amplifier; 6) generator; 7) power amplifier.

If the control voltage Vc1 1s small, the reference voltage
rapidly reaches the level of the control voltage and a pulse
corresponding to the control angle Li1 1s generated. When there 1is
an increase in the control voltage to a value Vc¢2, the reference
voltage will 1ncrease further, until the moment of matching of
the two voltages occurs, when the pulse corresponding to the
control angle L2 > Lz is generated. By selecting boundary values
for the control voltages Vc1 and Ve2z and the steepness of
rise at the front of the saw-toothed reference voltage, 1t is
possible to set the values Li = ¢ and L2 = 18¢°; this
corresponds to the changes 1in the 1load current from Ju to zero
when there 1s a change 1n the control voltage from Ve: to Vee.

15

22



A diagram using thyristors to obtain saw-toothed voltage for
one of the three channels present in the control system 18 shown

in Fig. 6, a. The saw-toothed voltage is formed on C1 by a
charge through resistors R6 and RS from a high-voltage,
stabilized supply source. The C1 charges according to the

exponential law, therefore, the 1initial ‘"rectilinear® area of
the charge is used in the diagram of saw-tooth voltage generator.
Its rectilinearity is ensured by the selection of the voltage
for the source and by the 1large time constant for the circuit.
The initation of the charge of ¢the capacitor and its discharge
after the formation of the saw-toothed voltage are controlled by
a diode commutator. Graphs of volitages on Fig.8,b depict the
operation of the commutator.

Diodes D1@ and D1 are connected in parallel to capacitor C1.
When the diode D1@ 1s blocked, C1 is charged and a front of
saw-toothed voltage is formed. If diode D19 1is 1in the
conductive state, the capacitor is discharged through this diode,
the resistor R2, and the coil of a two-phase (2p) transformer.
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Fig. 8. Circuit for obtaining saw-toothed voltage: a) main
circuit; b) graph of voltages.

At the moment ti1, the voltage of phase Ip with a negative
polarity is applied through diode D8 to the point "K," as a
result of which diodes D1 and D10 become blocked and the
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formation of a front of saw-toothed voltage strictly synchronized
with the voltage of phase Ip begins, The negative voltage
at the point "K®* 1s subsequently maintained by the oppositely
phased volitage of phase 3p and the volitage of phase 2p (through
resistor R2). At the moment tz2, the saw-toothed voltage becomes
equal to the voltage of phase 2p, diode Di@ 1s opened, the charge
of the capacitance of C1 1s terminated, and the current from the
supply source flows along the circuits of R6, R9, diode Di1@, R2,
and the coil of the transformer. The capacitance C1 1s discharged
by way of a RC-circuit: diode Di1@, R2, and the coil of the
transformer. The voltage on the capacitance cannot be altered
more rapidly than the voltage of phase 2p, since diodes DS and D2
are blocked by the positive charges of the corresponding phases.
The current in the circuit transformer coil, R2, and diode D1 is
set up by the greater than the charging current; therefore,
diode D1 and D1@ remain open from the moment ts to the moment ta;
their resistance has a small value in this case, and the voltage
on the capacitance during this period remains equal to zero.
From the moment ts, the process is repeated in the same sequence
as from the moment ti. The forms of the phase voltages will have
no qualitative effect on the formation of the saw-toothed voltage
if the phase voltages are always greater than the voltage being
created.

The inputs of the SA1+SA3 surge amplifiers (Fig. 8) connect
into the C1+C3 capacitors through a comparison circuit realized
at the D13+4+D15 diodes. The moment for activating the comparison
circuit 1s determined by the voltage V¢ arriving from a
direct-current amplifier (T1+T3 transistors) through resistors
R12+R14. When the voltage on the capacitors C1+C3 reaches
the value V¢, diodes Di13+D15 are opened and the voltage from
capacitors C1+C3 arrives at the base of the transistor T1 of the
surge amplifier, with transistor T1 opening and transistor T2
closing as a result. At the moment transistor T2 closes, a
negative puise which opens the transformer amplifier at
transistor T3 1s activated at resistor RS of the RC
differenttiating circuit C3 and RS. Diodes D3 and D5 serve
as a *clip® of a mid-portion of the differentiated pulse with a
duration of 8@+10Q msec.

The power amplifier function is performed by transistor T4,
and diodes D7 and D8 serve to protect the control electrodes of
thyristors from overshoots of 1large voltages with negative
polarities.

The supply source is realized by diodes D22+D26 and the
power source of the surge amplifiers SA1+4SA3 1s realized by
diodes D28+D3t.

-
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Fig. 9. Main circuit of control console.

2.3. Current Control Console, Element-Receivers,
and Measuring Instruments.

2.3.1. The distribution board of the control console was
designed to distribute current arriving from the outputs of ac-dc
converters along four channels. A unit of shunts serves to
divide each of the four channels 1into seven 1identical circuits
along which voltage is transmitted to 28 element-receivers (ER)
and serves to control currents 1in the circuits of the
element-receivers.
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The unit of ballast resistors contains 168 active resistors.
It 18 possible to use from one to six ballast resistors within
the circuit of each element-receiver.

2.3.2. The system of surface and borehole electrodes
permits the use of 28 element-receivers (ERs), each of which s
part of an autonomous current 1loop, and a common grounding
electrode, the anode. The ER and the auxillary ground are
included 1in the make-up of the stationary installation. Also
included 1n this installation are: power cables, cables of the
blocking system, a telephone 1lead, four cables which are braids
130 m 1n length each for connecting up with the ER, and four
cables which are extension braids with 1lengths of 150 m.
Fifty-six surface element-receivers, pins for the auxillary
ground, and a cable for connecting the instrumentation bank to
the 1ogging-hoist collector for borehole studies are included in
the standard 1nventory of the CHIM-1¢ station. The braids and
extensions are made out of GPSMPO wire. Each braid has a pin
connection for jJjoining into the instrumentation bank and seven
bipolar branches for joining with the grounds and element-
receivers. The branches are arranged at a distance of 20 m from
one another. There are no branches for the cable-extensions, and
they are used when assembliing the supply circuits for the surface
electrodes. Their arrangement at the site depends upon the
position of the station relative to the surface electrodes. The
connection of the electrodes to the branches of the braided cable
is carried out with the aid of connective wires with
single-contact pin connections.

One should adhere to a specific system when connecting the
braids to the input board. Each of the four braids contains
7 branches for hook-up to the element-receivers. The latter are
numbered 1n accordance with their position on the terrain in such
a way that they create a series of integers 1, 2, 3, etc. when a
profile 1s passed from one end to the other.

Since the CHIM-1@ station can be positioned on the profile
arbitrarily in relation to the ER (closer or at the other end, or
in the middlie of the profile), the ER can be numbered etither
from the tip of the braided cable close to the station or from
the far cable.

In order to prevent errors when connecting a braid to the
input board, there are two pins for each braided cable (fig. 10)
designated by the 1st numbered ER within the braid 1in forward and
reverse order (for example, 1+7; 7+1 or 8+14; 14+8, etc.). The
bratds are designated by the highest and lowest ER enumerations
written in order of the distribution from the pin (from the input
board) to the end of the braid and are connected with the pin of
the tnput board with a designation coinciding with the
designation of the braid (for example, braid 14+8 1s connected
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to pin 1448 but not with pin 8+14).

The cables are wound on portable reels for transport and
protection; the ERs are packed away in special boxes.
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Fig. 1¢. Example of connecting braids with output board:
a) numeration of pins, b) numeration of ER circuits.

2.3.3. An element-receiver for surface studies (Fig. II)
is a cylindrical polyethylene vessel with a capacity of 4@+50 ml
and possessing a porous membrane made from parchment (GOST 1341-
6@). The metallic electrode-rod of the element-receiver is made
from type VTI-@¢ titanium. For borehole studies, an element-
receiver in the form of a glass made of porous ceramic is used.
Its casing has a volume of approximately 1¢9@ ml and functions as

a membrane. The ceramic glass 1s placed 1n a protective
perforated jacket of polyethylene. It 1s secured to the cable
with an adhesive tape. The appropriate wire 1in the cable is

secured to the head of the ER, adhering to all measures needed
for hermetization of the Jjoints, thus making operation 1in
boreholes possible. The head of ¢the ER should tightly but not
hermetically cover the mouth of the ceramic glass. The designs
of the contact and the cap are identical for surface and borehole
ERs.
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2.3.4, A voltmeter for measuring the voltage in the supply
circuit within a #-500 V range of measurement for direct current
is 1installed on the front panel of the control console along
with an ammeter for measuring current of up to 39 A in the load.
Bulbs signalling the transmission of voltage through all of the
circuits of the converter are placed beside the control
instrumentation.

Switches for ‘power-circuits® and ‘*control-circuits"*
designed to turn on converters are 1installed on the front
panel of the control console.

K3
< 4
St

|
Fig. 11. Element-receiver for surface monitoring: 1) contact;
2) cap; 3) cylinder; 4) titanium electrode; 5) nut; 6) washer;
7) membrane; 8) single-pin plug.

The outputs of the rectifiers are connected to the circuits
of the element-receivers through two-way "element-receiver-
polarity* switches. The two-way switches are designed for
measuring the polarity of the output voltage of a rectifier when
the station 1{s operated under a regime of element-receiver
depolarijzation. The positions of the two-way switches should
be 1dentical for all regimes of station operation. If not, the
voltage from the rectifiers will not arrive at the output, 1in
view of their mutual blocking. An active resistor, a shunt, is
included in the circuit of each element-receiver for control of
the 1load currents. The fall 1n voltage at the shunt 1is
proportional to the current in the l1oad and can be measured with
the aid of a measuring instrument. The MI1 measuring instrument
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is connected to the shunts through two-way switches. The hook-up
circuit for the IP1 instrument is realized in such a way that an
instrument can be connected only to a single shunt, the two-way
switches for which, other than the one used for measuring, should
always be located at position "1.°

The current 1in the ER c¢ircuits can be measured within
two boundaries: @+1 A and @9+0.25 A. The 1imits of measurement
are set by means of a "range® tumbler switch. There are trimming
resistors for the calibration of the measuring instrument.
The current at different polarities can be measured with a MI-1
probe by switching on a "polarity® tumbler switch. From one to
six ballast resistors can be turned on or disconnected in the
circuit of each element-receiver with the aid of two-way
switches.

The necéssary current in the circuit of each ER can be found
by selecting a value for the ballast resistance and the necessary
voltage at the output converters A and B. The intensity of the
electrical field around each of the ERs 1is measured with the
aid of a V7-15 high-resistance voltmeter and two titanium
electrodes mounted on an extension plug and arranged at distances
of 19 cm from one another.

2.3.5. The measuring instruments of the CHIM-1¢ station are
designed for control of the technical state and operational
regime of the station and also for carrying out analyses in the
chemical laboratory.

The technical state of the station 1{is monitored by a
complex instrument TS4315, a 410¢0/3 megometer, 5¢¢ VvV, 500 MOhm,
and a V7-15 voltmeter.

Voltmeters installed in the control console and also a V7-15
voltmeter are used to monitor the operational regime of the
station. A FPL-1 polarograph for field laboratories and a
PEC-56M photoelectrocolorimeter are used 1in the chemical
laboratory.

2.3.6. The 1isted equipment, with the exception of the
FPL-1 polarograph, 1is part of a standard measuring equipment
widely used 1in various areas of research, incliuding geological

and geophysical 1nvestigations. This equipment is described in
many 1instructional manuals and will not be given special
consideration here. The FPL-1 polarograph was designed for

determining quantities of chemical elements 1n samples of
solutions from element-receivers during operations using the CHIM
method.

-
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2.4. The FPL-1 Polarograph

2.4.1. Operations with the FPL-1 polarograph consist of
the following. Solutions of samples from the ERs are placed in
electrolytic cells in which a working electrode, a reference
electrode, and an auxillary electrode forming a polarization
current with the working electrode are present.

The next system of equipment maintains a fixed voltage
on the working electrode by varying the polarization current.
Simultaneously, this system allows one to change the voltage of
the working electrode in a 1inear fashion to the positive or

negative side from the established value. The polarization
current 18 recorded during the process of varying the voltage of
the working electrode. The curve of the dependence of the

polarization current upon the electrode voltage carries
information concerning the nature of the elements in the sample
and their concentrations.

The analysis of the samples consists 1in the following
stages: stirring of the solution, cathode precipitation of the
metals on a solid graphite electrode, calming of the solution,
and dissolving of the precipitated components along with
recording of the dissolution currents. The order of stages in
the analysis is facilitated by the automatic shift of operational
regimes in the polarograph.

Included in the polarograph (Fig. 12) are: a generator of
"beat" 1impulses; a 1:32 divider; a converter of code to
saw-toothed voltage; a plate of regimes; switch Jjunctions for
the following regimes: first exposure; stirring; precipitation;
second exposure; build-up; branch-points to set up amplitudes of
build-up voltage and precipitation voltage; amplifiers of the
polarization current, and recorded current; an *auto-manual*
two-way switch, and a power supply unit.

In the automatic control regime, the polarograph operates 1in
the following fashion. When the ‘"cycle" button 1{s pressed, the
first exposure branch-point 1s turned on and the mechanical
agitator i1s turned on simultaneously. The "mixing® indicator
light on the front panel lights up. After the end of the first
exposure, the build-up branch-point is turned on along with the
tape mechanism of the recorder, and the "build-up® indicator
1ight on the front panel lights up. The build-up can be stopped
when desired by turning the °*stop-build-up" tumbier switch. 1In
this case, the "stop-build-up" indicator bulb 1ights up. When
the °"stop-builid-up" tumbler switch 1s turned off, the indicator
light dies down and the build-up continues.

-
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L,

e
Fig. 12. Block Diagram of FPL-1: 1) converter of code to

saw-toothed voltage; 2) "beat” 1impulse generator and automatic
device for switching on exposure, precipitation, and build-up
regimes; 3) power supply unit; 4 and 5) branch-points that set up
precipitation voltage and amplitude of build-up voltage, 6)
branch-point for switch of build-up regime, 7 and 8) amplifiers
of polarization current and recorded current. Branches to
electrodes: 9) reference, 1¢) working, 11) auxillary, 12) branch
to recorder.

At the end of a selected time of build-up, the monitoring
system returns to the original state.

In order to change to a manual regime of polarograph
operation, 1t 1s necessary to place the *auto-manhual" two-way
switch 1in the *manual®" position and switch on the required
regimes with the aid of the corresponding tumbler switches and
the *build-up® button.

2.4.2. The working order of the FPL-1 polarograph can be
checked 1in the following fashion. Prior to transmission of
the supply voltage to the polarograph, the control units should
be set at their original positions (see TABLE 1)
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TABLE 1

Control Units Original Position
*‘network"” "off"
*i{nstrument dial"* 20 V
‘rejime" *manual*
*mixing® *off"
*precipitation’ ‘off"

*build-up* ‘off"
*recorder" *1000"

The positions of the remaining control units are arbitrary.
Next, one should connect the recorder, agitator, and an
equivalent electrolytic cell to the polarograph. The recorder
and the corresponding operational regime for the amplifier of
the supply unit should be switched to the *"25¢ mV" range of
measurement; also, all tasks concerned with preparing the
recorder for operation according to the maintenance manual should
be carried out.

In the equivalent electrolytic cell, we set Rc = 500 kOhm,
Rp = 100 Ohm.

We then check:

a) the change 1in the set polarizing voltage, for which
two-way switches labeled "precipitation” and "potential®” can be
set at various values; on the scale of the instrument showing the
voltages at the working and auxillary electrodes, we monitor the
voltage and make sure 1t remains at the set value. This
monitoring i1s done with the tumbler switch in positions marked
*precipitation®-"polarity” "+®" and "-*";

b) the shift of 2zero on the recorder. While turning the
knob labeled ‘"pen’-"shift,®" we monitor a shift of the recorder
pen when the knob 1s moved from one extreme position to the
other; the recording pen should move over the entire width of the
scale;

c) the manual control of the analysis regime and light
signalization. By setting the two-way switch for the regimes in
the 'manual® position and the "precipitation potential" two-way
switch at position @.3, we sequentially turn on the "agitation,’
‘precipitation,” ‘"build-up," "stop build-up,” tumbler switches
and positively check- all of the activated regimes, the
lighting-up of the corresponding indicator bulbs, movement of
the chart strip during the "build-up" regime, and rotation of the
electrode in the "agitation" regime;
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d) the change in the polarization current. By setting the
two-way switch for °"recorder mA® at position 190@, we change the
position of the two-way switch "precipitation’"-"potential®" from ¢
to §.5 V and check a corresponding shift of the recorder pen;
this indicates a change in the polarization current.

e) the automatic control of the analysis regimes; for which,
by setting the two-way switch for the regimes to the position
*auto®", and the two-way switches for "precipitation®-"potential"*
to the position 0.5, for "polarity®"-precipitation® to position
*.*, *min. precipitation” to position 1, "build-up"-*polarity" to
position *+", "min, build-up" to position 1, *build-up -
amplitude” to position 1.0, and "recorder mA" at position 500,
and by pressing the ‘"cycle® button, we switch on agitation and
check the correctness of the alternation of analysis regimes.

2.5. Technical data and check of the technical
condition of a CHIM-19 station

2.5.1. Basic technical information on the CHIM-1¢ station:
Power of electrical energy source 10 kw
Nominal voltage 239 V
Current triple-phase (50 H2)
Voltage of direct current in the 1load P+500 v
Current strength P+20 A
Number of channels to element-receivers 28

The current 1in the circuit of each element-receiver can be
varied either smoothly, by regulating the voltage at the
converter output, or in a step-wise fashion by switching of the
ballast resistors. The current 1s measured without a break in
the current circuit.

A chemical 1laboratory enabling us to perform chemical
analyses of the solutions from the ERs at the immediate site of
station operation (profile, borehole) is included in the station.

2.5.2. A summary of the basic checks of the condition of
the CHIM-10 stations presented in TABLE 2.
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TABLE 2

Necessary to Check

Technical Requirements

1. Technical state of the
diesel-electric assembly

Resistance of the
insulation on the input

and output cables relative
to the frame (using megohm-
meter connected to the
grounding terminal and the
one on connecting panel)

3. Strength of connections
of units, contacts at
power curcuits and
control curcuits

4. A1l station units

(external inspection)

5. Stationary equipment
(external inspection)

Operation of station
with hook-up to equi-
valent l1oad (1-2 kw)

Resistance of insulation
of power users in the
chemical laboratory
(megohmmeter connected)

Operation of equipment
in chemical laboratory
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Technical state should
correspond to the requi-
rements 1in the manual

for maintenance of the diesel-
electric assembly.

The resistance of the insula-
tion should be no less than
1@ M , and no less than

1 M for elevated humidity.

Bolts and nuts, with the aid
of which the connections are
secured; units and contacts
should be well secured.

There should be no visible
damage to units and no extra-
neous objects on their working
areas.

There should be good {insula-
tion without visible damage,
reliable connections.

Voiltage should smoothly vary
from @ to 5¢@ V when the po-
sition of the potentiometer
knob "Voltage Control® 1is
changed.

Resistance of insulation
should be no less than 1@ Mohm
under normal conditions and

no less than 1 Mohm in condi-
tions of high humidity
Ventilator motor in exhaust
cabinet should operate noise-
lessly and without vibration.
Electroplates should be heated
for no more than 1@ minutes
and during their operation
there should be no sparking on
contacts. The FPL-1 polaro-
graph should be operative.
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FIELD OPERATIONS

S.1. Operational Sequence. Arrangement of station and
electrodes.

3.1.1. For investigations using the CHIM method 1{n the
aureole version, the station 1is first set up at the site and
then braided cables are laid out from the station along a given
profile. The element-receivers and auxillary grounding
electrodes are then laid out. The ERs are filled with the
working solution, the grounding electrodes are connected to the
braids, and the Jlatter are connected to the station. The
electrical regime for extracting the elements is then set by
selecting the current through each element-receiver which will
provide the desired voltage around the ER. After this,
electrochemical extraction takes place over a fixed time period
during one or several cycles. After each cycle, samples of
solutions are removed from the element-receivers and transferred
to the station’s chemical laboratory for analysis. The ERs are
filled with new working solution i{in order to continue the
extraction process. After the tast cycle of the ERs, the
grounding electrodes and braided cables are removed from the
profile and secured within the station for transport. The
station is then moved to a new site of operations.

During the extraction process, an analysis of the solution
samples from the element-receivers is performed in the laboratory
and the element-receivers are treated and prepared for new
observations. Working solutions, auxillary reagents, glassware,
etc. are also prepared for further work. A certain amount of
the prepwork 1s performed at the base camp prior to departure for
the field.

For investigations using the CHIM method 1n the logging
version, laying out the cable and spacing ERs at the site are
replaced by hoisting operations down the studied borehole using a
logging hoist with a special cable wound around the winch, ERs
are attached to this cable.

3.1.2. Observations using CHIM in the aureole version are
conducted along an earlier developed survey grid. Station sites
are marked in accordance with the dimensions and geometry of the
given area, and then braided cables are laid out with branches
for connection with the element-receivers. Usually the station is
set up 1n the center of the profile and two bratded cables (14
element-receivers 2¢ meters from each other, 260-280 meters
total) are laid down to one side of the profile while the
remaining two braids are laid down to the other side. In some
cases, it 1s convenient to position the station so that three
braided cables (21 ERs at a distance of 42¢ m) are located on one
side of the station, and a single braided cable (7 ERs at a
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distance of 140 m) is positioned in the other direction.

The 1length of the braided cable allows one to move the
station away from the profile 1ine by a distance of up to
20-490 m. When 1locating equipment in this manner, suitable
sites are gselected for positioning the station along with the
diesel assembly so that the latter 1{s located on the downwind
side of the station and camp. The station and diesel assembly
are positioned in the same manner for logging observations. The
station and the diesel assembly are connected to one another by
a special cable.

3.1.3. The braided cables and their extenstions are
positioned from the station along the profile. Branches from the
braids allow each element-receiver to be positioned within a
radius of 3 m. When selecting a site for setting up an
element-receiver, the following requirements should be met:

a) absence of contaminants associated with 1industrial
waste;

b) absence of boulders, coarse rock debries, and root
stalks;

c) the area should be 1level and should exclude the
possibility of rain flooding and contamination by debries;

d) all of the ERs on the profile and within the area should
be set up in the same 8011 horizon; the topmost humus layer A;
and the clay-rich horizon B are most suitable for this.

It is recommended that ERs prepared for set up and filled
with distilled water be transferred to their set-up sites 1in
contatiners. Each element-receiver should be set up in the
following fashion. A blade with a broad cutting edge 1s used to
dig a hole in the soil 15-20 cm in diameter and to the depth of
the soil layer desired (often 5-20 cm). Water from the ER is
poured into the hole. After the soaking the soil with water,
the ER 1s inserted into the hole, the hole filled from the sides
one third of the way with earth taken from the hole earlier, then
the 8011 1s compacted. Then a certain acidic solution (the kind
and concentration of which is discussed below) 1s poured into the
element-receiver. The acidic solution 1s poured with enough to
ensure that 1t does not fall on the ground around the ER. The
filled element-receiver is covered by a cap with an inserted
titanium electrode. A lead passing through the protective cap of
the ER 1s joined to a branch of the braid by a uni-polar plug.

When setting up the element-receivers, we make a diagram of
their positions and note elements of relief, 1intermittent
streams, roads, areas with crops, etc. In addition, we indicate
the composition and c¢changes 1n the 8011 content, the soil
texture, humidity, and other characteristics.
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For a general evaluation of the 8011 properties at
individual points along the profile, we measure resistivity with
the aid of a four-terminal installation (AB = 60 cm, MN = 10 cm)
prior to setting up the ERs.

3.1.4. The acidic solution in the element-receiver serves
to prevent alkalization of the surrounding environment and
facilitates the accumulation of metallic cations at the ER.
Nitric acid, the anion of which forms easily dissolved compounds
with the majority of extracted metals, should be used.

In order to prevent alkalization of the ER during the
extraction cycle, 1t 1s necessary that the pH of the solution not
exceed the pH for hydrate formation with respect to the extracted
metals. Therefore, the original acidic solution should either
have a sufficient quantity of hydrogen 1ons for discharge
during the electrode reaction, or the OH- fons, forming during
the dissociation of water when electrical current passes through
the ER, must be systematically neutralized in the solution.

The concentration of the solution can be calculated
according to the formula:

o KeZX-T
Csor = Ven (3)

where K is the electrochemical equivalent of the hydrogen 1ons,
equalling 9.837 g/A-hr; V 1is the volume of the element-receiver
in l1iters; n 1s the basicity of the acid®*; t 1s the time for
the cycle 1in hours; and I is the current passing through the ER
in A.

According to the experience of previous operations, the
current amounts to hundreds-tens of amperes 1n the aureole
vergsion and amounts to tens or less than ten amperes for logging
measurements.

The concentrated acid 1s diluted with distilled water in
order to prepare the required solutions. Concentrated nitric
acid has a normality of 14. In order to prepare one normal (1 N)
solution, the nitric acid is diluted by a factor of 14, i. e.,
1/714th 1iter of the acid 1s dissolved 1in 1t l1iter of distilled
water (1 to 1/14). To obtain a 2 N solution, the acid is
diluted by a factor of 7 (14/2); 2/14th (1/7) liter of acid 1is
dissolved 1in one liter of distilled water (1-1/7).

3.1.5. For 1logging observations, specially constructed
element-receivers are connected with strands of muliti-conductor
cable. Probes with outlets arranged at the spacing of the ER
array are usually made from 1engths of cable. Probes that are

* Nitric acid (HNO3) n = 1
3¢
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used most often are the ones on which ERs are set up in 2 m and

1 m. However, in some cases, these distances can be greater or
smaller. These probes are sufficient both for studying rocks
along an entire borehole and for detailing individual intervals
within a borehole. 1In the 1latter case, the ERs are moved from
the previous deposits by the appropriate distance (the spacing
of the probe).

There are no special multi-conductor cables available at
present for 1logging observations using the CHIM method. KTSH or
KTO cable can be braided and thus used instead. Joining three
cables into a braid is more or less acceptable. Such a combined
cable allows us to use 9 ERs. The element-receivers are connected
to the outlets of the corresponding strands of the probes and are
fixed to the cable of the probe with the aid of adhesive tape
or other similar material.

After f1l1ling the element-receivers with the acidic
solution, a probe with an ER connected to 1t 1s lowered into the
borehole. When joining the probe with the cable and the latter
with the CHIM-1¢ station, 11t 1s necessary to give special
attention to marking ¢the strands and checking for an exact
correspondence between the actual connections and the connections
recorded in the journal.

Since the length of the probe 1s always less than the length
of the borehole and since logging measurements are carried out
for many lowerings and raisings of the ERs, the CHIM measurements
in the borehole should be conducted from the top downward 1in
order to exclude errors that might be caused by mixing of the
dr1i1ling solution during the movement of the cable.

3.1.6. For observations in the aureole and logging versions,
we usually use one common auxillary grounding electrode, which i1s
placed no closer than 100 m from the profile or borehole.® One
can use iron or steel studs, drive pipe or other similar material
as grounding electrodes. It is advisable to place the grounding
electrode at a moist site in order to ensure minimal resistance
associated with 1ts grounding.

When c¢ircular aureole set-ups are used, the auxillary
grounding electrodes are best made from iron or steel studs
which are arranged 1in a c¢ircie of @.5-1 m radius around an
element-receiver in the center. Usually, 8-10 studs are arranged

* The distance between the auxillary electrode and the length of
the ER 1ine has no effect upon the structure of the field around
each ER, since the Tatter 1i{s specially regulated during the
selection of the electrochemical extraction regime.
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in each <circle. A1l of the studs are joined to a common lead
which 18 connected at i1ts end to a cable which, 1in turn, 1s
connected to the power supply of the CHIM-10 station.

3.2. Selection of Electrochemical Extraction Regimes
and Performance of Field Observations

3.2.1. The electrical parameters controlling the electro-
chemical extraction of elements 1in the aureole version are
the electric field intensity around the element-receiver and the
electric current passing through the element-receiver. Each of
these parameters 1s ambiguous 1n 1ts characterization of the
extraction process and varies in the course of the extraction
process. The greater the field intensity, the higher the rate
of removal of components present 1in the rock in the water-
soluble, mobile state and the more energetic the electrochemical
dissolution of the solid phases. Under a constant resistivity of
the medium, the current strength increases simultaneocusly with an
increase in the field intensity. Moreover, since the contribution
to the total current due to the movements of trace elements of
interest (copper, lead, nickel, 2inc, etc.) 1s insignificant, and
since the solid phases, which do not contain commercially
valuable components dissolve first, the use of higher currents in
itself does not mean an increase in the intensity of extraction
of the desired elements.

On the one hand, 1t follows from what has been said above
that the electrochemical extraction processes are very complex
and antagonistic, and, on the other hand, it follows that the
field 1ntensity i1s the most stable characteristic of this
process.

The particulars of electrochemical extraction of elements
depending upon the field intensity have not yet been studied
sufficiently. Thus, one cannot predict 1in advance which field
intensity will be needed to provide the most effective electro-
chemical extraction of water-soluble forms of ¢the studied
elements within each 1ndividual area. However, 1t has been
established experimentally that the required field intensities
and extraction times remain constant for different sites within
the same region when exploring for mineralizations of the same
type. When exploring for ores of a given type within a specific
region, 1t follows that values for the field intensity and
extraction time can and should be established experimentally
using the appropriate observational regimes at sites with known
ore deposits. The selected field intensity and extraction time
parameters are assumed to be the baseline data for the study of
new areas. When necessary, corrections are made according to the
results of the experiments.

3.2.2. The experimental and orientation studies used in
selecting a field intensity and extraction time for the given
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region and type of ore deposit are conducted 1n the following
fashion. Two-three sites with typical for a given region ores
are selected and 1investigations are conducted along two-three
profiles within these sites. The profiles are laid out
transverse to the strike of the ore zones (bodies). On each
profile, extraction of metals 1is carried out for various (4-5)
values of the electric-field intensity: <€from low values at which
the currents through the ERs amount to a few milliamperes to tens
of milliamperes, up to the maximal possible values of voltage
technically feasible from the CHIM-10@ station (current through
the ER in hundreds of milliamperes). Intervals of current are
designated in steps of 50-10@0 mA; for example: 50, 100, 200, 300
mA and higher. For hodographs, electrochemical extraction
(40-6@ hr) is carried out in intervals of 10-2¢0 hr between tests.

Depend1qg‘upon the specific features of the electrochemical
extraction, the hodograph (time vs. accumulation curve) may be
straight-11ine or curvilinear with flattenting-out or with an
increase in curvature. Flattening-out of the hodograph indicates
a preferential intensification of the extraction of accompanying
elements in comparison with those of interest. An increase in
the curvature of the hodograph serves as an indicator of an
intensification of the extraction of the desired elements over
the course of time. In general, intensification and weakening
with respect to extraction of elements make understanding of the
processes difficult and complicate the interpretation of results
of observations using the CHIM method. Therefore, a time
interval corresponding to straight-1ine hodographs on all of the
points of the profiles should be selected from the hodographs
obtained. However, 1if the observations performed reveal a
pattern in which the hodographs flatten out for background points
but increase in curvature for anomalous points, 1t would be
favorable to have an extraction time allowing departure of the
hodographs to a steadily flattening asymptote for background
points and, for anomalous points, a departure to regions of the
hodograph with high extraction of masses o0f desired elements
compared with the initial section of the hodograph. The above
behavior of the hodographs is related to the presence of well
dissolived forms of trace elements above the mineralization and
the absence of such forms at a distance from the ores. Such a
relationship between types of hodographs serves as a natural
contrast intensifier for CHIM-detected anomalies.

When the behavior of the hodographs 1is complex, a time
interval should be selected within the first straight-line
portion of the hodographs.*®

** A change in the character of the hodographs 1s possible 1in
the g¢general case due “ to additional physico-chemical effects,
including specific effects of the electrical current. The
phenomena mentioned are still poorly investigated.
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Curves of mass (m ) or rate of extraction (am/at ) of the
metals for the selected time intervals and for each point are
designed as a function of the electric field intensity (m - E).
For background points, a value of the electric field intensity
(E) 18 selected on an area of the curve characterizing a linear
extraction of metals. The value of E should provide an extraction
of a mass of metals exceeding the measurement error by a factor
of 3-5. Average values for 1intensity (Er) are calculated for
groups of points characterized by similar values of resistivity,
of the medium. These values are accepted as standards for
measurements along the profiles. Subsequently during such
measurements, a field intensity 1is programmed taking into account
the values obtatned for Er. For identical so1l resistivities,
the same field intensity 1s given for all of the ERs. In the
case where there are different values of Sx along the profile,
the intensity 1s specified differentially according to reference
curves of m-Er for the corresponding resistivity of the medium."*

3.2.3. An electrochemical extraction regime established for
the area (with respect to time and field intensity) and for the
types of ores is specified for measurements along profiles in new
areas. The extraction regime is established 1in the following
fashion: after connecting up the station and observing measures
necessary to ensure a correspondence of connections between the
braids and their records 1in the Jjournal, the entire current 1s
switched on. A1l of the ERs are switched on in succession at
voltages of 25-35 V, the currents are checked 1n the <circuit of
each ER and malfunctions are corrected if current is absent.
Further measurements of field intensity are made around each ER.
Two titanium electrodes are set up at intervals of 20-30 cm on
a radius around the ER, and the field intensity (E:., V/m) 1is
measured with the aid of a high-resistance voltmeter.
Measurements are made in two mutually perpendicular directions.
If the spread of values 1{s greater than 3@¢%, additional
measurements are made in two more directions and an average value
for Eq is arrived at. Currents ( Ji1, A) are recorded
individually and the resisitivity Sx is calculated.

Es
Sx = ¢,38 --- , (4)
oL

where (.38 1s the system coefficient for the remote auxillary
grounding electrode.

Furthermore, the currents 1in each ER are varied 1in
accordance with the field intensity required for electrochemical

¢ The problem of selecting the electrochemical extraction
regime for rocks with differing resistivities 1s insuffictiently
studied and requires further investigation.
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extraction of elements and the necessary Er established. The
current in this case is determined according to the relationship:

Er
Ir = --- Iy (5)
Es

The adjustment period should be brief, no more than an hour
for extraction cycles of 19-20 hr,

3.2.4, In contrast to observations in the aureole version,
the primary normalizing parameter of electrochemical extraction
for 1logging measurements 1is the current density or current
strength passing through the ER and the ore at its constant with
the drilling mud solution. Since the current strength determines
the masses of the dissolved minerals and elements arriving at the
ER, 1t 1s necessary to l1og the borehole using the CHIM method
under identical conditions (dimensions and shape of the ER,
composition of the solution within the ER, etc.) and aiso with
identical current density at the borehole walils.

The l1ogging measurements have two purposes: a)identification
of ore intervals without outside analytical assaying of the ore
grade, and b) quantitative determination of the concentrations of
elements of interest within these ore intervals by the CHIM lab,.

In the first case, the measurements are carried out under
the constant voltage from current source needed to reach the
necessary current density 1in the ore 1interval facilitating

electrochemical solution of the ore minerals.* The current
through the ER will vary depending upon the geocelectrical section
along the borehole. It will be maximal when crossing ore

intervals of lower resistance and minimal when passing *ore-free"*
intervals of higher resistance. Such a distribution of currents
increases the extraction of ore elements from ore intervals
relative to extraction from the host rock and allows contrast
fdentification of ores along the borehole. Ores with high
resistances that are equal to or less than the resistance of the
host rock will be identified satisfactorily, although not as
confidently as the ores with 1low resistances. In 2ones of
brecciation, graphitic rocks, and other areas of 1lower
resistance, however, an increase 1in current could cause an
increased extraction of elements than would be normally expected
on the basis of the content of such elements in the host rock.
Evaluation of the nature of such 1intervals requires special
attention so that such 1low-resistance barren 2ones can be
differentiated from the ores.

As mentioned above, i1t 1{is necessary to normalize the
extraction with respect to the current 1n order to obtain a

* §See "Regime selection® below.
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quantitative characterization of the content of elements in the
ores. Two conditions must be fulfilled for a correct selection
of current density:

a) conditions must be such that the current and extraction
time ensure recording of the elements extracted from the ores
themselves (and not extracted from the dril1ling mud solution),
that is to say, the conditions match those which occur during the
recording of the second branch of the hodograph and when the
mass of elements being extracted <far exceeds the mass being
extracted from the drilling mud.

b) conditions must be such that the selected currents are
sufficient for the electrochemical extraction of elements both
from massive ores and from veins and disseminated ore.

In principle, the two conditions mentioned could be
determined on the basis of calculations. At present, however,
the extraction theory is far from being completely worked out,
and it is more expedient and reliable to establish experimentall
the needed current and time regimes. For the electro-chemical
solution of sulfide minerals and components of polymetallic,
copper-nickel, and base-metal ores, it has been found
experimentally that the following regime is satisfactory: current
density at the borehole wall: 7+10 mA/cm2; extraction time:

2 hrs.

However, the 1indicated extraction regime should be refined
in each actual area for the specific type of ore and
geocelectrical section. Ore intervals with various structures are
selected for this purpose in the area under study. In order to
evaluate the extraction regime, one should select ores of all
the basic textural types: massive, vein-disseminated and coarsely
disseminated 2ones. Each textural type, together with the
geoelectrical characterization, would have clearl features
determined on the basis of standard 1ogging methods. It is
precisely the characterization of the textural types of
mineralized intervals according which will become definitive in
the future for the selection of the intensity of current for the
electro-chemical extraction of elements, and then for the
quantitative determination of the etement content.

3.2.5. Observations to determine the dependence of the
extracted masses upon the extraction time and current strength
are carried out at the selected boreholes. Extraction times of
2.5, 1, 2, and 4 hours are used, along with current densities of
1, 2, 4, 6, 8, 19, and 12 mA/cm2, On the basis o0f the results
obtained, functions of m-j are constructed for various intervals
of time. A regime can be considered satisfactory for which the
masses of appropriate metals vary 1l1inearly with 1ncreasing
current density. Currents and extraction time are selected so
that the mass of each element extracted exceeds the mass of the
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eltement during extraction from the drilling solution by a factor
of 10 or so that the portion of the element €from drilling
solution does not exceed 1¢% of the total extracted mass of the
corresponding element.

After the selection of values for the current and extraction
time, investigation proceeds on a new borehole. First, the
entire borehole is examined in order to {1dentify ore intervals.
In this process, the necessary current 1s selected taking into
consideration the ratio between the resistivities of the ore and
the host rock. At the first position of the probe in an ore-free
portion of the borehole (according to standard 1ogging data), the
current used 1s as many times smaller than the value found
during the regime measurements above the ore 1intervals as the
resistivity of the rock 1s greater than the resistivity of the
ores. At the 1identified ore areas, a detailization 1s then
carried out with a spacing which 1s specially selected in each
individual case. During the detailized observations, the current
through each ER is maintained at a constant equal to the current
found during the regime observations. The extracted masses are
used to charactere the content of elements in the ores (see
Section 7).

3.2.6. The extraction of elements 1{s carried out with
selected regimes of field 1intensity and extraction time in the
case of the aureole version of the CHIM method, and 1s carried
out with selected regimes of current and time in the logging
version.

During the extraction process, the current 1n the ER 1is
controlled with the aid of a control-measuring instrument set up
at the station. The current should be measured regularly at
intervals of 2-4 hours for the aureole version and no less
frequently than every @.5 hours for 1logging observations with a

precision of up to a unit of milliampere. The results of the
measurements are entered 1into a journal of observations (see
Section 6). Stability of the currents in the ER is an indicator

of normal electrochemical extraction. A decrease in the current
indicates an 1increase 1n the resistance of the grounding of the
ER. In the first case, water should be poured on the site of the
electrical grounding or the number of grounding electrodes should
be itncreased. In the second case, the contact between the ER and
8011 should be 1mproved by pouring distilled water under the ER.
The total quantity of water poured under the ER should be 1imited
(no more than #.5 - 1 1). The electric field intensity should be
controlled in the area around the ER during the process of
electrochemical extraction. During each extraction cycle, the
field intensity should be measured no less than once. A fall 1n
current within indivtdual ERs could be connected with an
alkalization of the solution. In such a case, acidification
of the ER solution should be carried out using concentrated acid.
The volume of nitric acid in ml (V ) can be calculated according
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to the formula:
V=2,7¢1°¢°¢t,

where I 1s the current 1n A, t is the time remaining until the
end of the extraction cycle, 1in hours.

The current to the ER is disconnected while adding the acid.

The entire extraction process can be broken up into cycles
depending upon the total extraction time. During observations 1in
the aureole version, the usual cycles are 19 and 2¢ hours. When
the total extraction time exceeds the time for a cycle, sampling
is carried out between cycles. Sampling 1s also done after the
cessation of the entire extraction process.

3.2.7. The station is disconnected prior to the beginning
of sampling. A sign reading °*DO NOT SWITCH ON!®" °"PEOPLE AT
WORK!®* 41s hung out on the converter.

The sampling consists in the removal of samples of solutions

and the electrodes from the element-receivers. The entire
sampling operation requires cleanliness, thoroughness, and
accuracy. The test tubes used to take samples are numbered 1in
correspondence to the number on the element-receiver, If the

test tubes are covered with polyethylene caps, the address of the
ER can be conveniently written on a piece of tracing paper which
is sandwiched between two sheets of plastic wrap of the right
size; all of this is bound to the butt-end of the test tube with
a rubber band. The label should indicate: area, project profile,
ER number, sample number, date.

For examptle:

Irtysh project
21
PR 17, 15.06.76

The test tubes can be covered and fitted with glass
stoppers. In this case, the tubes themselves should be
numbered. In cases when prolonged preservation of the samples 1is
necessary, a label should be copied and fixed to the side of the
test tube.

Test tubes prepared for sampling are placed in a special box
with compartments. A half-11ter container filled with a solution
of acid (the same concentration which is used to f111 the ER) 1is
placed in the same box. The pipettes or special syringes which
remove samples of the eolution from the element-receivers are
washed with this acid. The syringe is washed prior to beginning
a sample removal from each element-receiver. Acidic solution 1is
drawn in the syringe and drained out into the container for this
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purpose. The electrodes can be changed during each sampliing or
only during the last one. After the first sampling {s performed,
a fresh solution of acid is poured into the element-receiver if
extraction has not been completed, and the entire operation: the
switching on of the station, the adjustment to the operating
regime, the maintaining of a given field intensity and pH, is
repeated.

The samples removed are subjected to chemical or physico-
chemical analysis for elements of 1interest (see Section 4).

3.3. Interfering factors and ways to eliminate them.

3.3.¢. Interfering factors i1nclude technical malfunctions
of the equipment, which can be eliminated 1in accordance with
section 2.5 and in accordance with the maintenance instructions
for the CHIM-1¢ station. Other hindering factors are related
to errors 1in the technological process of the field operations
(cleaning of glassware and other materials; the set up of the ER;
the maintenance of the selected regimes of field intensity,
current strength, and extraction time; the prevention of over-
alkaltization of the ER, the effect of technical contamination),
to mistakes due to errors in the analytic operations, and also
to certain natural phenomena (meteorological factors,
peculiarities of the electrochemical extraction, etc.).

3.3.2. The ERs used, the glassware, the reagents, and other
matertials should be approprtiately clean for observations
employing the CHIM method.

Element-recetivers itn a disassembled state are washed 1in
technical-grade water wusing a polyethylene brush. They are then
placed in a hot (6@0-7¢°C) solution of HNOs at a 1:1 concentration
for 15-3¢ min. Following this, they are pulled from the actid and
repeatedly (no less than 5-19 times) washed with technical-grade
water and rinsed 2-3 times with distilled water. The rinsed-out
ERs are transported {in plastic bags. The syringes used to
remove samples are washed in analogous fashion.

The titanium electrodes of the ERs are placed in a solution
of nitric acid (1:1) and boiled on a water bath for an hour.
They are then washed with technical-grade water and rinsed
several times with distilled water.

Test tubes and other glass containers used in the removal of
samples of solution are first washed with technical-grade water
and then placed for several hours (24 hrs.) 1in hydrochloric acid
with a concentration of 1:1, rinsed 2-3 times with distilled
water, and dried in a thermostat or in open air. The test tubes
are transported i1n special boxes with compartments. It is
recommended that clean test tubes be plugged with glass stoppers
(use of rubber stoppers 1{1s not allowed!) or plastic wrap. The
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plastic 1s first cut 1nto small rectangles and washed, as are
the test tubes.

The cleanness of the washed containers and prepared reagents
is checked in the following fashion: a solution of acid
(approximately of the same normality as the acid which will be
used for carrying out the operations) 1s poured into a washed and
assembled ER. The acid is thus kept for a specific amount of
time equal to a cycle of electrochemical extraction (1¢-2¢
hours). With the aid of the gear for removing samples (pipette,
syringe, etc.), a sample of the electrolyte is removed to one of

the test tubes prepared for sampling. This operation is
performed with 3-5 ERs. A chemical analysis for the appropriate
elements is performed. The concentration of metals 1n such a

sample should be 5- 1@ times less than the background value for
the corresponding metals. For 1nstance, for the Rudnyi Altaid
the concentrations of lead and copper should not be more than

1-2 mg per volume of ER greater than the background and not more
than 5¢0-100 mg per volume greater in the case of 1iron. In cases
of higher concentrations of these elements, the source of the
contamination should be found and eliminated. After this, the
distilled water and acid are replaced by new distilled water and
acid of the appropriate purity. The element-receivers and test
tubes are washed one more time and the operation is repeated
again. In cases when there 1{s extraction of 1large masses of
elements, 1t 18 necessary to wash the ERs with special care.

3.3.3. The errors caused by placing the ERs in different
soil layers, errors in maintaining the selected electrical
extraction regimes, and also errors involving alkalization of the
element-receivers have been discussed in sufficient detail above
and do not require further clarification. It 1is very evident
that only when there 1{1s a combination of all the measures
facilitating identical, normalized conditions of electrochemical
extraction can one count on satisfactory results from
investigations using the CHIM method for discovery of covered
deposits and ore intervals along boreholes.

3.3.4. Fumes from plants and factories, contaminated water
waste, ore-transport roads, etc. can cause industrial
contamination leading to spurious anomalies. Industriail
contamination can be found by direct observations of discharges
of material from contamination sources or according to data of
the soil survey conducted from the periphery of the areas of
contamination to their centers.

Within contaminated areas, 1t 1s inadvisable to use the CHIM
method in the aureole version, since there are no reliable ways
of countering the contemination. In certain cases, however,
observations can be performed by setting the ERs within horizons
at depths of 30-50 cm or more.
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3.3.5. Errors of chemical analysis are a serious factor
affecting the results of observations using the CHIM method.
Possible sources of error and also measures to eliminate them are
discussed 1n Section 4,

3.3.6. Meteorological conditions, in particular, changes 1in
8011 humidity and air temperature, have a signtificant effect upon
the results of measurements using the CHIM method 1in the aureole
version. It 1s possible that the 1ntensity of anomailies
(1.e. concentrations of trace elements) may increase or decrease
depending upon changes in humidity, mainly due to the fact that
humidity changes the amount of water-soluble forms of elements 1in
the soil. However, 1t has been found possible to discover
anomalies regardless of meteorological conditions. Nevertheless,
the intensities of the anomalies relative to the background may
change significantIy. The anomaly/background contrast is usually
reduced during rainy periods.

Methods for countering the effect of meteorological factors
on CHIM anomalies have not yet been developed. 1In order to take
into consideration the factors mentioned, 1t 1s advisable
to collect meteorological data for areas with Kknown ore
deposits. CHIM survey should be conducted 1{in accordance with
electrochemical extraction regimes experimentally established for
each season.

3.3.7. The ways of selecting extraction regimes discussed
in section 3.2 require further improvement and also adjustment
according to the experience accumulated at many exploration
projects. A systematization and classification of
electrochemical extraction regimes should be accomplished for
various geochemical provinces, geological structures, and
meteorological conditions.

3.4. Completion of Field Operations. Control and
Evajutation of the Quality of the Observations.

3.4.1. After performing the last sampling, cables laid out
along the profile or lowered down the boreholes are removed along
with the ERs, and the station 1s returned to the initial position
for transport to the next site. The ERs are removed first and
washed of impurities such as so0il residue and acid at the site.
The wires and cables are then wound on their reels. Next, the
chemical glassware and containers with working solutions and
reagents are carefully packed. Assemblies, 1nstruments, and
station 1installations are checked, secured at appropriate
locations, and covered with protective casings. The station is
then moved to a new site 1n accordance with the plan of
operation. -
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3.4.2. The criteria for evaluating the quality of the
measurements using the CHIM method are:

a) measures described 1in sections 3.1-3.3 performed and
observations recorded 1in the field journal; results of the
chemical analyses of the samples entered into ¢the Jjournal and
also 1nto the diary of the CHIM team. The validity of the
resuits is evaluated according to curves of the mass extraction
(m) or rates of extraction (dm/dt) for the various elements along
the profile and along the boreholes, and according to hodographs
for the corresponding ERs, electric current strengths, electric
field intensity, and pH. Information on meteorological,
geomorphological, and other conditions and their changes during
the measurement period i1s taken into account.

b) Reprqduceab111ty of the results of repeated chemical
analyses of individual samples (~ 10%).

c) Similarity of primary and control measurements performed
by other teams or the present team under the supervision of the
manager, a technical supervisor, or a person specially delegated
by them. The volume of control measurements should be no less
than the following: in research and development projects, 25%;
orientation projects, 15%, and production work, 5%. The CHIM
method results are considered satisfactory when the control
measurements in the aureole and 1logging versions allow one to
confidently identify anomalous zones with an error in the size
of the anomaly does not exceed the spacing of the sampling more
than three times.
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4. ANALYSIS OF SOLUTIONS SAMPLES FROM ELEMENT-RECEIVERS

4,1, General Information

4.1.1. The determination of the element concentrations in
the samples 1is the key operation concluding the process of
electrochemical extraction of metals and other components from
the rocks.

The quality of the analysis has an over-all effect upon
the results of investigations using the CHIM method. It is
necessary to perform the analysis of solution samples immediately
following their removal to avoid drreversible changes 1in the
chemical composition of the samples during prolonged preservation
(19 days or more) and to obtain timely information reflecting the
quality of the work performed at each site.

A1l elements capable of travelling under the influence of an
electrical current and existing in an fonic form in a solution of
the acid used are present in the samples to be analyzed. Out of
the total number of elements extracted, the only ones targeted
for determination are those which fundamentally characterize the
ore deposit sought. Other components can interfere with the
determination of the elements of 1interest and their influence
should be eliminated during the course of the analysis. In this
section, we present methodologies for determining copper,
lead, zinc, 1ron, nickel, cobalt, and gold which we recommend to
analyze for exploration of copper, copper-nickel-cobalt,
base-metal and gold deposits. In exploration for other types of
ore deposits, it is necessary to review a number of well-known
methodologies and adopt them taking into account the specifics of
samples obtained by the CHIM method.

4.1.2. We consider a photocolorimetric method the most
suitable at this time for determining the content of iron, 2ingc,
cobalt and nickel. The polarographic method using FPL-1
equipment is considered the best for copper, lead and gold. The
description of the methods of determination of the above elements
follows.

4.2. Photocolorimetric determination of elements content.

4.2.1. The photometric method of quantitative analysis is
based upon the conversion of a certain component to a light-
absorbing compound.® In order to determine the inorganic compo-
nents, one usually uses reactions forming colored compliex com-
pounds possessing characteristic absorption bands 1n the visible,
ultraviolet, or 1infrared regions of the spectrum. The l1ight

hod A. K. Babko and k. T. Pilipenko. Photometric Analysis.
General Information and Equipment. *Khimiya,® Moscow, 1988,
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absorption is usually directly dependent upon the concentration
of the light-absorbing complex and the thickness of the

solution layer. The 1l1ight absorption (optical density) is
measured on a photoelectrocolorimeter (PEC).

During work with the PEC prior to performing the analyses
(using a series of samples of standard solutions), we construct a
calibration graph of the dependence of the optical density of the
solution (D) upon the concentration of a specific component (C)
within i1t. The gsame thickness of absorbing layer 1s used. For
this purpose, 7-19 standard solutions with different concentra-
tions of the specified element are prepared. Enough solutions are
prepared to cover the entire range of possible variation in the
content of the specified element. The standard solutions are
taken through all of the stages of the analysis, as 1t 1s done
with the test solutions. A "null® solution (blank test) con-
taining all of the materials and reagents that the standard
solutions contain 1s used as a reference solution. It is taken
through all of the stages of the analysis but 1t does not contain
the specified element. According to the results on the standards,
a calibration graph 1s constructed which should be a straight
1ine (according to the Ber's law) passing through the origin.
The calibration graph is checked in all cases when a new series
of working solutions is prepared or when electrolamps,
photoelements, etc. in the optical system of the 1instrument are
replaced. The graph is checked at 2-3 points. If the deviation
from the graph exceeds 2¢%, it is necessary to perform
calibration measurements again.

4.2.2. Determination of Zinc Content. The methodology*
used is based upon the formation of a water-soluble complex
compound of 2inc with sulfarsacene, colored orange-red. The
formed compliex is stable under pH 8 - 9.8 and ammonium salts not
exceeding 6¢9 mg\l. The maximum of 1ight absorption of this
complex occurs when the wavelength reaches 500 m.

Elements interfering in the process of 2zinc determination
are copper, manganese, lead and iron. Copper, manganese and iron
form colored complexes with sulpharsacene similar to 2zinc. 1In
order to eliminate interference effects from manganese and lead,
they are bound 1nto colorless complexes by ammonium molibdate.
The copper complex formed 1s destroyed by ascorbic acid, which
then reduces the copper to the univalent state. Iron, though 1t
does not form complexes with sulfarsacene, does block the color
of the z2inc complex. In order to eliminate the interference

" M. A. Yagodnitsyn and V. N. Antonov. *Accelerated
photometric determination of copper and 2inc 1in sewage and
natural waters,®* 1in: The Purification of Sewage and Circulating
Waters in Non-ferrous Metallurgy. Metallurgiya, Moscow (1871),
pp. 117-118,
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effect of 1ron, we {ntroduce Seignette’s salt, which binds the
iron itn a colorless complex compound and makes 1t possible to
perform a zinc determination in the presence of 3¢¢ micrograms of
iron in the volume being analyzed.

Considering the measures which are used to eliminate the
effect of copper, manganese, 1lead, and 1iron, the methodology
allows us to determine zinc with a sensitivity of 1 microgram per
199 m1 of solution and a relative error of 15%. Ber's Law is
operative within the range of 2inc concentrations from @ to 25
micrograms per 190 ml of solution.

The Course of Analysis.

Aliquot portions of a sample containing no more than 25
micrograms of "zinc are removed to 19@-ml graduated flasks and
diluted with distilled water to 6@8-70 ml. Eight drops of a 3%
solution of ammonium molybdate are added 1n order to eliminate
the effects of lead and manganese, and 5 ml of a 20% solution of
potassium-sodium tartrate (Seignette’s salt) are added to
eliminate the effect of iron. The samples are carefully mixed
after the addition of each reagent. If the pH of the solution is
less than 6, the solution is neutralized with a 19% solution of
caustic soda to pH 6-7 according to universal indicator paper.
An alkaline sample is brought up to a pH of 6-7 with a solution
of hydrochloric acid (1:1). Then, 1+ m1 of an ammonium-chloride
buffer solution and 2 ml! of a #.5% solution of sulfarsacene in a
.85 M solution of sodium borate are added ¢to the neutralized
solution and mixed. Eight drops of a 5% solution of ascorbic
acid® are added in order to eliminate the effect of the copper.
The solution is mixed, brought up to 1¢@ ml! with distilled water,
and mixed again. The optical density is measured on a REC-56
photoelectrocolorimeter (light filter No. 6, thickness of
absorbing layer, 5 cm) in 15-20 min.

A blank test taken through the entire course of the analysis
is used as a reference solution.

The zinc content in the sample 1s determined according to
the calibration graph.

Necessary Reagents:

1. Ammonium molybdate (NHs)s M07024 * 4H20, chemical purity
or analytical grade, 3% solution. Three grams of ammonium
molybdate are dissolved in 180 m! of distilled water."* Keep no

* If the amount of copper in the sample 1s 1{10¢ times more
than the amount of zinc,- then 1 ml of ascorbic acid 1s added.

** Here and 1in the other methodologies, only distilled water
should be used in the preparation of solutions.
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longer than 5 days.

2. Potassium-sodium tartrate, 2@8% solution. 20 g of
potassium-sodium tartrate are dissolved 1in 11900 ml of water.

3. Caustic soda, chemical-purity NaOH, 10% solution. 10 g
of alkalt are dissolved in 1900 ml1 of water.

4. Ammonium-chlortide buffer solution. 54 g of ammonium
chloride are dissolved in 500 ml of water, 350 ml of 25% ammonia
are added and the volume of the solution is brought up to 1 1{iter
with water.

5. Sulfarsacene, @.¢5% solution {in @.05 M solution of
sodium borate. To prepare the ¢.965 M solution of sodium borate,
12.367 g of 'boric acid are dissolved in a small quantity of
water; 199 m1 of a 1 N solution of caustic soda are added and and

the mixture 1s brought up to 1 l1iter with water. We dissolve
.05 g of sulfarsacene 1in 16¢ m! of a @.85 M solution of sodium
borate. This 1indicator should be wused 12 hours after its

preparation.

6. Ascorbic acid, 5% solution. We dissolve 5 g of the acid
in 160 m1 of water. The solution is prepared for one day's use.

7. Standard zinc solution, 10@0¢ micrograms/ml of 2zinc. We
dissolve @.1 g of metallic 2zinc 1in a small quantity of
concentrated nitric acid. The solution is boiled down to 1 mil,
50-60 mi of water 1{s added, and the solution is transfered to a
1¢0-m1 graduated <flask and brought up to the mark with water.

19 micrograms/ml1 of zinc: 1 ml1 of a solution containing 10¢¢
micrograms/ml of 2inc 1s diluted to 10¢ ml with water.

4.2.3. Determination of Iron Content. The methodology"
used 1s based upon the fact that sulfarsacenic acid in an
alkaline medium forms an intensely yellow complex compound with
iron (III) tons.

In addition to 1ron, titantum (1ightly yellow), uranium
(brown), and several platinoid metals form colored compounds in a
neutral or weakly alkaline medium. The 1interferring effect of
these metals is eliminated by the addition of a surplus quantity
of ammonia.

Aluminum, calcium, magnesium, rare-earth elements, thorium
and berytl1ium form colorless complexes with sulfosalicylic acid
and do not 1interfere - with testing. They, however, can bind

®* S. Yu. Fainberg, Analysis of ©Ores of Non-ferrous Metals,
Metatlurgtzdat, Moscow, 1953, 832 p.
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sulfosalicylic acid thus interfering with the formation of the
iron complex. In this case, 1ron hydroxides can precipitate
during the neutrolization of solution, and 1t will be necessary
to add more sulfosalicylic acid to dissolve them and neutralize
the solution again.

Manganese and cerium are oxidized in an ammonia solution by
atmospheric oxygen and the solution takes on a brownish-red
color. If these elements are present in small quantities within
the solution, their effect can be eliminated by the addition of
muriatic hydroxylamine acid (prior to the neutralization of the
solution by ammonia) or hydrazine, reagents which reduce the
metals to the divalent state.

In order to increase the sensitivity testing for iron, we
measured the‘ final volume of the solution and the thickness of
the absorbing layer.

When these methods for eliminating the effect of
interferring components are taken into account, the methodology
discussed allows one to carry out the testing for iron with a
sensitivity of 1 microgram per 25 ml of solution and a relative
error of 15%. Ber’s law 1s operative within a range of iron
concentrations from @ to 50 micrograms per 25 ml of solution.

The Course of the Analysis

Aliquot portions of the solution being analyzed are placed
in 25-m1 graduated flasks, and 2.5 ml1 of a 25% solution of
sulfosalicylic acid are added (5 ml of a 2¢0% solution of
hydroxylamine can be added if need be). The solution 1s mixed
and neutralized with a 25% solution of ammonia until the
appearance of a stable yellow color 1in the solution; then,
another 5 ml1 of ammonia are added. If during this process the
solution fogs up (iron hydroxides precipitate), more
sulfosalicylic acid 1s added until suspends disappear, then again
the ammonia 1s added. The solution is then mixed and diluted with
water to 25 mi1. After 20 min, the optical density of the solution
is measured on the PEC-56 (No. 4 1ight <filter, thickness of
absorbing layer, 2 cm).

The iron content is determined according to the calibration
graph. A blank test serves as the reference solution.

Necessary reagents:

1. Ammonia water, NH«OH, chemical purity.
2. Hydrochiloric acid, HC1, chemical purity, d = 1,17,

3. Nitric acid, HNOis, chemical purity, d = 1.4.
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4. Sulfosalicylic acid, chemical purity or analytical grade, 25%
solution. 25 g of the salt are dissolved in 1900 m1 of water.
The solution is preserved in vials made of dark glass.

5. Muriatic hydroxylamine or hydrazine, 20% solution; 20 g of
the salt are dissolved i1n 100 ml of water.

6. Hydrochloric acid, @.1 N solution; 8 mi1 of the acid with
d= 1,17 are placed in a 1-11ter g¢graduated flask and brought up
to the mark with water.

7. A standard 1ron solution; @.7002 g of Mor's salt (NHa4)2S04°
FeSOs4 * 6H20 are dissolved in a small quantity of concentrated
hydrochloric acid and evaporated 1n a dish until moist saits
remain; 5 ml of aqua regia (a mixture of concentrated HC1 : HNOjs
=3 : 1) are evaporated until dry. Then 5 ml! of aqua regia are
added again and again evaporated until dry. The dry residue 1s
dissolved in a small quantity of a .1 N solution of hydrochloric
acid; the solution 1s transferred to a 10@0-ml graduated flask and
brought up to the mark with a 9.1 N solution of hydrochloric
acid. One milli1liter of this solution contains 1¢0P micrograms
of Fed¢+, Solutions with 1lower concentrations of d{ron are
prepared by diluting the starting solution.

4.2.4, Jesting for Copper. The extraction method for
determining copper* content 1is based on the formation of a
stable colored complex of copper with lead diethyldithiocarbamate
(DDC-Pb) in a layer of carbon tetrachloride at a pH of 2-3.
Iron, manganese, cobalt, and nickel form similar complexes with
ODC-Pb. In order to eliminate the interfering influence of iron
and manganese, ammonium citrate and sodium pyrophosphate are used
as complexing agents for masking. Cobalt and nickel interfere
with the determination of copper with DODC-lead only when thetr
concentrations are above 10 g/1.

A solution of DDC-copper 1n carbon tetrachloride possesses
maximum 1ight absorption at a wave length of 436 nm (No. 4 light

filter). The sensitivity of the copper determination 1s @.5
micrograms per 1@ ml1 of solution. The relative error of the
determination s 10-15%. Ber’s law applies with a range of

copper concentrations from @ to 2@ micrograms per 1§ ml of
solution.

Course of the Analysis.

An aliguot portion of the samplie 1s placed in a 15¢0-m)
separatory funnel; 5 ml of ammonium citrate and 5 ml of sodium
pyrophosphate are added; the solution 1s mixed; and the pH of the

* L. V. Antropova, M. V. Nedrigailova, A. Z. Shuraleva. Determit-
nation of Forms of Occurrence of Copper in Rocks (Methodological
Recomendations), ONTI VITR, Leningrad, 187@¢, 28 pp.
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solution 1s adjusted to 2-3 according to universal tndicator
paper by adding an ammonia solution (1:1) or hydrochlioric acid
(1:1). Next, the volume of the solution is brought up to 5¢ ml
with water. Then, 10 ml of DDC-Pb 1n CCls are added and the
solution s agitated (shaken) for 2 minutes. After the
interlayering of the liquids, the organic layer is filtered into
test tubes (with ground-glass stoppers) covered with black paper.
The optical densfty 1s measured on the PEC-56 (No. 4 light
fi{lter, blue; thickness of absorbing layer, 1 cm). A solution of
DDC-Pb 1th CCle serves as a reference solution. The optical
density of the blank test is calculated from the optical density
of each sample analyzed. The copper concentration in the sample

is located on the calibration graph.

Necessary reagents:
1. Hydrochloric acid (HC1), chemical purity, d = 1.17.
2. Ammonia (NH4OH), chemical purity, 25% solution.
3. Ammonia citrate, 5@0% solution; 50 g of citric acid are

dissolved in water and the volume is brought up to 180 ml; tt is
then alkalized with a 25% solution of ammonia to a pH of 8-9

according to universal indicator paper. The solution s
transferred to a separatory funnel; 15-20 ml of a solution of
Dithizone 1in carbon tetrachloride are added. The funnel 1is

shaken vigorously, and a new portion of Dithizone 1ts added.
The purification operation 1s repeated until the layer of
Dithizone turns green. The residues of Dithizone are extracted
from the aqueous solution of ammonia citrate by shaking with
several portions of carbon tetrachloride (until the latter ts
colorless).

4. Sodium pyrophosphate (Na«P207), chemical purity, 7% solution.
7 g of the salt are dissolved in 100 ml1 of warm water.

5. Lead diethyldithiocarbamate (DDC-Pb) dissolved 1n carbon
tetrachloride. Two solutions are prepared:
a) .1 g of lead acetate is dissolved tn 70-100 ml1 of water;
b) @.1 g of sodium diethyldithiocarbamate (DDC-Na) 1is
dissolved tn 790-10@ ml of water.

Then the two solutions are poured into a 5¢00-m1 separatory
funnel, 25¢ ml1 of carbon tetrachloride are added, and the
solution is shaken until the entire aqueous 1layer becomes
clear. The organic layer 1is filtered through a dry filter into a
dark bottle; 250 ml1 of carbon tetrachloride are added and
carefully mixed.

6. Dithizone dissolved in carbon tetrachloride. 100 ml of CCl.
are poured over the Dithizone (@.1-@¢.2 g) and the preparation is
stored tn a dark bottle for 24 hours. Then the solution is
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transferred for purification to a 500-ml separatory funnel; 100
ml of an ammonia solution (1 : 10@) are added and the mixture is

shaken for 1 minute. In order to prevent oxidation of the
Dithizone, 1 ml of a 1% solution of ascorbic acid 1s added to
the separatory funnel. The layer with contaminated CCls 1is

removed, 5@ ml of pure CCls are added to the aqueous layer, and
then hydrochloric acid 1s gradually added until an oxidizing
reaction occurs. During this operation, the Dithizone moves into
the organic layer again. The purified Dithizone is poured into a
dark bottle and is kept in a dark place.

7. The standard copper solution; @.982¢0 g of copper sulfate
(CuSO. 5H20) 1s dissolved in 250 ml of @.1 N hydrochloric acid.
One milliliter of this solution contains 100@ micrograms of
copper. Solutions with 1lower concentrations of copper are
prepared by diluting the initial solution.

4.2.5. Testing for Nickel, Copper and Cobalt. The
methodology”® used 1s based upon the capacity of the metals to
form, in an alkaline medium, stable chelated compounds with
sodium diethyldithiocarbamate (DDC-Na), which can be easily
extracted to the organic-solvent layer and which possess the
characteristic absorption spectra. Copper forms a complex with
DDC-Na (as 1t does with DDC-Pb) tinted yellow in the CCL4 layer
and posessing an absorption maximum at a wavelength of 436 nm.
Cobalt and nickel form complexes with absorption maxima at
wavelengths of 365 and 328 nm respectively.,

By measuring the optical density of a solution containing
nickel, cobalt, and copper using No. 1 (313 nm), No. 2 (365 nm),
and No. 4 (436 nmtm) 1light filters and solving a system of
equations, one can individually determine the quantity of each of
these metals.

The interferring effect of a number of elements (iron,
manganese, zZinc, lead, bismuth, and others) upon the
determination of nickel, cobalt, and copper can be eliminated
by the introduction of the complexing agents sodium pyrophosphate
and ascorbic acid for iron and manganese and by treating the
extracts with hydrochloric acid 11n order to remove lead, 2inc,
bismuth, and traces of iron and manganese remaining uncomplexed.

The Course of the Analysis

In order to simultaneously determine nickel, cobalt, and
copper, an aliquot portion of the oxidized solution (no more than
25 ml1) i1s placed in a 100-150-m1 separatory funnel. The level

* Yu. P. Shergina, S.-S. Shkorbatov, and A. B. Kamiiskaya,
Photocolorimetric Determination of Microguantities of Copper,
Nickel, and Cobalt during Geochemical Surveys of Copper-Nickel
Sulfide Ores, ONTI VITR, Leningrad, 196t, 20 p .
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is brought up to 25 ml with water; 2 drops of phenol-red
indicator are added along with 5 ml of a 4% solution of sodium
pyrophosphate and 5 ml1 of a 50% solution of ascorbic actid. The
PH 18 adjucted to 8-8.5 with the aid of ammonia (1 : 1) according
to universal 1ndicator paper or until a change in the color of
phenol red to a pale rose color. To the cooled solution, 2 ml of
a @.1% solution of DDC-Na, and 1¢ ml of CCLs added. The solution
is extracted in a separatory funnel over the course of 3 minutes.
The =2xtract (CCls 1layer) 1s filtered through a dry filter
("yellow, white, or red strip”") into a dry colorimetric test tube
with a ground-glass stopper and is colorimetrized on a PEC-56

photocolorimeter with a mercury 1amp in a cuvette
(layer-thickness of 2 cm). The optical density of the extract 1s
determined for the No. 1, 2, and 4 1light filters. Pure CC1l.

serves as the reference solution. The optical-density parameters
of the blank. sample are deducted from the optical densities of

the sample tested on all three 1ight filters. The contents of
nickel, cobalt, and copper are determined by the appropriate
calculations. The sensitivity of the determination of nickel,

cobalt, and copper is 1 micrograms per 10 ml of CCL4, the error
of the analysis is 30-40% for 1-2 micrograms concentrations of
each of the elements 1n an aliquot; the error is up to 2¢% for
concentrations above 2 micrograms.

The concentrations of nickel, cobalt, and copper are
calculated in the following fashion.

Since three <colored components are present in the solution
being analyzed, the optical density at each wavelength reflects
the influence of the sum of the quantities of nickel, cobalt, and
copper:

D = (Ccu*$£313 + Ccose$313 + Cuyi:£2313)e1
313 cu £Cu co écu N1 EN: )
Daies = (Ccu'ééss + Cco'czzs + CN!‘&%&S)'1 (7)

Deze = (Ccu'ézu“ + Cco°E(‘°3° + CN1'£:)‘3°)'11

where D is the optical density; C 1s the concentration of
the substance in the solution expressed in moles/liter;<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>